Spinal deformity is a condition that has been recognized for many millennia. There have been major advances in the treatment of spinal deformity in recent years and studies outlining new ideas can inspire others to further advance the speciality. The number of citations a paper receives may indicate the influence of that paper. It is therefore important that we evaluate and analyze the most cited works in our field. The aim of this study is to identify the 100 most cited papers relevant to spinal deformity surgery in the literature. A search through the Thomson Reuters Web of Science TM for citations related to spinal deformity surgery was performed. The number of citations, mean citation number (total number citations/years since publication), journal, authors, year of publication and country of origin of the top 100 papers was recorded. The top 100 papers were cited a combined 17,646 times, ranging from 453 to 112. The majority of papers originated from the United States (71) and were published in 20 different journals. The decade 1990-1999 was the most prolific, with 36 of the 100 papers published during this time. Papers pertaining to the management of scoliosis (49) were the most common. This study identifies the top 100 most cited papers in the field of spinal deformity surgery. While citation is not a specific marker of the scientific quality of a paper, it is a surrogate for the influence a paper has had on the orthopedic community. This list of papers provides an invaluable resource for both those in training and those actively practicing and involved in the further development of spinal deformity surgery.
Introduction
Spinal deformity is a condition that has been recognized for many millennia, 1 with documented attempts at scoliosis correction dating back at least 5000 years. 2 Our understanding of the development and progression of spinal deformity has increased significantly in recent years, along with major advancements in corrective techniques for this debilitating condition. Undoubtedly, much is learned from those who went before us, with the published literature acting as an invaluable tool in the advancement of knowledge and innovation in a particular area. Ranking papers by the number of citations they receive allows us to develop a list of the most influential papers in our field of interest.
A citation is an acknowledgement by an author of another author's contribution to their work. Citations contribute to the impact factor a journal receives and therefore influences the journals that we read. Citation analysis, the bibliometric process analyzing citations credited to a given paper, directly determines the impact factor of journals. Impact factor is calculated by dividing the total number of citations of papers published in that journal over the past year divided by the total number of papers published by that journal over the past two years. 3 There have been a number of recent publications examining the most influential papers as determined by citation analysis in orthopedic surgery, 4 and the subspecialties of arthroscopy, 5 foot and ankle, 6 arthroplasty, 7 and pediatric orthopedics. 8 Similarly, lists of classic papers have been developed in other specialties such as general surgery, 9 radiology, 10 and plastic surgery. 11 One publication looked at the most cited articles in spine. 12 This publication devised the list based on the generality of spine surgery and limited their search to certain subject categories and journals. This is the first publication in the literature to devise a list of the most influential papers specific to spinal deformity surgery. The aim of this study was to identify the 100 most cited papers relevant to spinal deformity surgery, by performing a bibliometric analysis of the literature using the Science Citation Index (SCI) database.
Materials and Methods
The top 100 most cited papers relevant to spinal deformity surgery were identified from a search of the SCI of the Institute for Scientific Information (ISI), using the Results were listed by citation number and assessed by two independent authors (SCON and JSB) for relevance to spinal deformity surgery with complete agreement between authors required for inclusion of a paper.
Papers not relevant to the topic were excluded. The resulting most cited 100 papers were then assessed for; title, journal, number of citations, mean citation number (total number citations/years since publication), authors, year of publication and country of origin.
Results
The top 100 papers in spinal deformity surgery have been cited a combined 17,646 times. The top 100 papers and the number of citations are presented in Table 1 . The most cited paper was by Harrington with 453 citations, 13 while the 100 th paper by Lee et al. was cited 112 times. 107 The mean number of citations was 176, with a mean citation number of 8. Overall twelve countries contributed papers. The majority of the top 100 papers originated from the United States (71), followed by United Kingdom, France and Sweden (5 papers each); South Korea (4 papers); Australia, Canada, Germany (2 papers each); Switzerland, Japan, Denmark and Scotland (1 paper each).
Sixty-nine separate institutions contributed papers to the list. Washington University contributed the most papers (8) , with the University of Iowa contributing 5. The Long Beach Memorial Medical Center contributed 4 studies, while other 9 papers were published by The Royal National Orthopedic Hospital, Stanmore, London (3 papers), the University of Louisville (3 papers) and the University of Gothenburg (3 papers). Table 2 .
Review
A number of authors were represented on multiple papers in the top 100. Lenke and Bridwell both appeared on 8 of the papers on the list, with Ponseti and Winter appearing on 5. Wiltse published the greatest number of papers as first author (4). Suk, Nachemson, Moe, Kim, Herkowitz, Glassman, Dimar, Bunnell and Bradford appear in 3 papers each.
While a variety of spinal deformity topics are represented in the top 100, papers specifically relating to scoliosis management (49) were the most common topic.
Discussion
In our study, the Science Citation Index was interrogated to assess the most cited papers in spinal deformity surgery in order to attempt to produce a list of citation classics in the field. It provides an insight into some of the most influential papers in the area of spinal deformity surgery and chronicles the practice-changing work that has been published over the past 70 years.
The most cited paper was Treatment of scoliosis -correction and internal fixation by spine instrumentation by Harrington in 1962, which was cited 453 times. 13 The paper described a new operative technique for the treatment of scoliosis. Harrington described the use of internal fixation and distraction using rods to correct the deformity. While his initial results were mixed it marked the beginning of a new era in the surgical treatment of scoliotic deformity. Numerous alterations were made to Harrington's instrumentation and innovation in internal fixation for scoliosis correction continues today.
The second most cited paper was by Lenke et al. Adolescent idiopathic scoliosis published in 2001, cited 408 times. This paper proposed a new two-dimensional classification system for adolescent idiopathic scoliosis that attempted to determine the level of fusion required at the time of surgery. It sought to improve upon the limitations of the existing classification proposed by King et al., 19 a paper which has been cited 391 times and is the third most cited paper in our study. Comparative studies have shown the new classification system by Lenke et al. to be more reproducible and reliable than King et al. There is as significant time period between the publication year of the 1 st and 2 nd paper on our list. Although Harrington's paper has more citations in absolute terms, this has been achieved over a 50-year period. In contrast to this, Lenke et al. published 13 years ago and thus the mean number of citations per year of this paper is 29.14, which is significantly higher than the mean citation of 8.55 for Harrington. This finding suggests that the mean citation number may be useful in assessing the immediacy of the impact a paper has, when comparing publications from different time periods.
A total of 12 countries contributed papers to the top 100 most cited papers in spinal deformity surgery. All countries are from the developed world with a high degree of health care expenditure. The United States contributed 71 papers to the list, which is more than twice the number of all the other countries combined. This is in keeping with other similar studies across a number of medical specialties, 7, 8, 11 and correlates to the volume of orthopedic practice and research output that exists in the United States. In terms of decade of publication, 77 of the top 100 papers have been published since the 1980s, with 1990s the most prolific period for publication, accounting for 36 papers. High impact factor orthopedic journals dominated the list with The journal of bone and joint surgery -American volume and Spine publishing the most articles, emphasizing the prestige and influence these journal exert in the field of orthopedic surgery. From our analysis, it would appear that for an author to achieve a highly cited paper, it is most likely to be published from a United States, English speaking institution and published in a high impact journal.
There are a number of inherent limitations to this form of citation analysis, which have been highlighted in previous papers using similar methods. 11 The SCI citation database was searched in this study using the Thomson Reuters Web of Science TM search engine. The ISI began collecting citation information in 1945 and therefore articles published prior to this were not included in this study. Previous studies limited the search to journals within specific subject categories. We placed no restriction on our search and feel this resulted in less likelihood of excluding potentially relevant articles and therefore achieving a more representative list of articles for analysis. It has been suggested that more recent papers are at a disadvantage with older papers more likely to be cited. 112 The use of mean citation number (total number citations/years since publication) in our analysis takes into account year of publication and allows a relative comparison of citation to be made between recent and more historic papers.
Self-citation, journal bias and language bias were not controlled for in this study. Articles published in high impact journals are more likely to reach a wider audience and therefore have a greater potential for citation. All papers in the top 100 were written in the English language. There are also a number of phenomenon that can influence citation analysis. Obliteration by incorporation is one such phenomenon. It describes the observation that some highly influential or classic papers become so ingrained into common knowledge that they are no longer deemed necessary to cite. 113 Incomplete citing can also occur. It describes the situation when citations are made by the author to persuade the reader rather than to give accurate acknowledgement to those that influenced their work. 114 
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Conclusions
This study identifies the top 100 most cited papers in the field of spinal deformity surgery. While citation is not a specific marker of the scientific quality of a paper, it is a surrogate for the influence a paper has had on the orthopedic community. This present study provides a list of some of the most influential papers that have helped shape the speciality over the past 70 years. This list of papers provides an invaluable resource for both those in training and those actively practicing and involved in the further development of spinal deformity surgery.
